Falls are a serious health concern for persons with multiple sclerosis (PwMS) who use wheelchairs or scooters as their primary mode of mobility. Unfortunately, little is known about the fall prevalence and characteristics of this large segment of the multiple sclerosis (MS) community. The purpose of this study is to determine the prevalence and circumstances of falls in wheelchair and scooter users living with MS. Forty-four PwMS were recruited from research and medical centers in the United States and Asia. Participants completed a survey focusing on prevalence of falls, frequency of injurious falls, circumstances of the fall, and various quality of life indicators. A total of 44 individuals (32 females/11 males/1 not reported) aged 27 to 82 years (mean = 58 yrs) completed the survey. Seventy-five percent (n = 33) reported falling at least once in 6 months and 48% (n = 12) of those that fell sustained an injury. The majority (87.5%) of the falls occurred inside the home. Most individuals (76.7%; n = 33) reported concerns about falling and 65.9% (n = 29) limited their activities because of their concern of falling. Falls are prevalent in wheelchair and scooter users with MS. The observations highlight the need for interventions targeting this segment of the MS community.
Introduction
Multiple sclerosis (MS), a chronic and often disabling neurologic disease, is common among adults both in the United States and worldwide. [1] Approximately 400,000 persons are living with MS in the United States and over 2.5 million worldwide.
The disease process itself involves intermittent bursts of focal inflammation across the central nervous system. [2] The inflammatory process results in the demyelination and transection of axons throughout the central nervous system leading to conduction delays and blockage of action potentials along nerve axons. [2] As a result, muscle weakness, cognitive impairment, sensory disturbances, and a decline in postural control and gait function frequently occurs. [1] As a result of such impairments, falls are common in persons with MS (PwMS). Approximately 50% of ambulatory PwMS report falling over a 6-month period. [3] [4] [5] [6] These falls often result in injuries that require medical attention [4, 7, 8] that can potentially have dire consequences. For example, hip fractures are 4 times more likely in PwMS compared with age and sex matched peers without MS. [9] Depending on the age and sex of the individual, mortality rates can be very high. [10] Finally, physical and psychological health status (ie, health-related quality of life) reports are substantially lower among PwMS who have experienced at least one fall compared with nonfallers. [5] As a result of falls or even near falls, individuals frequently develop a fear of falling that can lead to activity curtailment, physiological deconditioning, loss of independence, and institutionalization. [11, 12] The adverse physical and psychosocial impact of falls in PwMS has led to a growing amount of research examining predictors (eg, poor balance, gait impairment, cognitive impairment, and so on [4, 6, [13] [14] [15] ), consequences (eg, injury, fear of falling, and so on [7, 8, 11, 16] ), and prevention strategies. [17] Overall, this work has highlighted that some fall risk factors are modifiable and there is great potential to prevent falls among people with MS using targeted rehabilitation interventions. [18] [19] [20] [21] However, a major limitation of the research on falls and prevention strategies in PwMS is that it has almost exclusively focused on individuals who are ambulatory. Indeed, both the National MS Society's own "Free from Falls" program and the International MS falls prevention research network [22, 23] excludes individuals who use a wheelchair or scooter as their primary means of mobility. A potential reason for this exclusion is the general lack of information concerning falls in this segment of the MS community. This dearth of knowledge mirrors the limited data concerning falls in other populations of wheelchair or scooter users. [24] Consequently, the purpose of this investigation was to document the prevalence and associated factors of falls in PwMS who use a wheelchair or scooter as their primary means of mobility and to examine the impact on quality of life. As a result of greater physical impairment, we hypothesize that over 50% of wheelchair and scooter users will report at least 1 fall in a 6-month period.
Methods
A sample of convenience of PwMS who utilized a manual or power wheelchair or scooter as their main form of mobility and self-report an inability to ambulate community distances were recruited from Sheba MS Center in Tel-Hashomer, Israel, the University of Illinois at Urbana-Champaign, IL and Shepherd Center in Atlanta, GA between May 2014 and July 2015 to participate in a survey. The participants level of neurological disability was equivalent to a score of 7.0 to 7.5 according to the Kurtzke's Expanded Disability Status Scale (EDSS) scale. [25] The local Institutional Review Boards (IRB) associated with each research center approved the study. Because of the low risk nature of the survey, a waiver of documentation of informed consent was obtained from the associated IRBs. Study participants were recruited via posting of flyers, advertisements placed in MS related periodicals and through face-to-face interactions with research staff. All interested individuals were invited to participate in the survey if they met the following inclusion criteria: 1) able to understand English or Hebrew, 2) 18-years old or older, 3) diagnosis of MS, 4) self report use of a wheelchair or scooter for the majority of their mobility, 5) selfreported inability to ambulate community distances, and 6) able to actively participate in transfers. Of note, individuals who met the above mentioned inclusion criteria and utilized ambulatory aids such as walkers or scooters for short distances in their home were not restricted from study enrollment. Participants were asked to complete either a paper survey or an online survey hosted by the University of Illinois at UrbanaChampaign that required approximately 30 minutes of their time. The paper and online surveys contained the same questions. Before being given access to the survey, participants were required to review the informed consent and indicate they understood the purpose and the risks associated with the study. Participants were also asked questions to determine if they met the inclusion criteria. Participants were not compensated for their time.
Survey development
The original survey was developed in English by 3 researchers with PhDs in rehabilitation related fields. To the best of our knowledge, there are no validated surveys available to evaluate fall frequency among wheelchair and scooter users with MS. The original survey was developed by author L.R. and critically reviewed by authors D.B and J.S. Changes were integrated into the survey and discussed by authors L.R., D.B., and J.S. until a consensus on the most appropriate questions was reached. Author A.K., a native Hebrew speaker and fluent in English, translated the survey. Please see the appendix for a copy of the survey, http://links.lww.com/MD/B843.
Survey questions
In addition to basic demographics, study participants were asked a series of questions about their disease process, and frequency and type of mobility device use including, but not limited to, the use of wheelchairs, scooters, walkers, and canes. Participants were then asked specific questions regarding falls, including the number of falls sustained in a period of 6 months, where falls most frequently occurred, if injuries were sustained from falls, concerns about falling and activity limitations associated with concerns about falling. A fall was defined as "unintentionally coming to rest on the ground, floor, or other lower level, excluding intentional changes in position to rest on furniture, walls, or other objects". [26] 
Additional outcome assessments
Participants were then asked to complete the Fatigue Severity Scale (FSS), [27] Multiple Sclerosis Impact Scale (MSIS), [28] Multiple Sclerosis Neurophysiological Screening Questionnaire (MSNQ), [29] the Spinal Cord Injury-Fall Concerns Scale (SCI-FCS), [30] and the World Health Organization Quality of Life (Brief) (WHO-QOL-BREF) questionnaire. [31] The FSS, MSIS, and the MSNQ have been validated for use among individuals with MS. The WHO-QOL-BREF has been validated for use among wheelchair and scooter users. The SCI-FCS has not been validated among individuals with MS but assesses items frequently performed by wheelchair and scooter users. The SCI-FCS has been previously used to examine concerns about falling among wheelchair and scooter users living with MS. [32] Average SCI-FCS scores of applicable items were calculated as several participants did not perform all items evaluated on the tool. Thus, scores ranged from 1 to 4.
Statistical analysis
General exploratory analysis was performed using SPSS version 23 (SPSS, Inc., Chicago, IL) to examine the frequencies of falls and related characteristics. Because of the survey nature of the study, missing data occurred. Percentages were calculated based on the total number of participants who responded to a particular question. Differences in scores among quality of life related outcome measures were examined based on reports of a fall during the preceding 6 months. Because of the ordinal nature of the data, nonparametric Mann-Whitney tests were performed. Because of the exploratory nature of the study, no corrections were made for multiple comparisons. Finally, associations between fall frequency and various quality of life related outcomes were examined using Spearman rho correlations because of the ordinal nature of the outcome measures utilized. Partial correlations were also performed to examine the influence of the number of hours of mobility device use per week on the relationship between the number of falls sustained and the quality of life outcome measures.
Results

Participants
A total of 44 individuals (9 from the University of Illinois at Urbana-Champaign, 7 from Shepherd Center, and 28 from Sheba Medical Center) completed the survey. As shown in Table 1 , the sample had a mean age of 58-years old (range: 27-82 yrs) and 74% were female. Relapsing/Remitting (n = 12, 27%) and 96: 35 Medicine progressive/relapsing (n = 12, 27%) MS were the most common types of MS reported by participants. Participants reported they used a mobility device for an average of 35.6 hours (SD = 19.3 hrs) per week.
Fall prevalence
Three-quarters (75%; n = 33) of participants reported falling at least once in the previous 6 months. Among participants who have experienced a fall, an average of 12.3 (SD = 17.0, range 1-60) falls occurred in a 6-month period. The majority (87.5%) of the falls occurred inside the home whereas 9.4% occurred outside. When asked about what activities were being performed during their most recent fall, the top 4 activities reported by participants included: using the toilet (n = 7, 19.4%), transferring (n = 5, 13.9%), walking short distances (n = 5, 13.9%), and reaching for an object (n = 5, 13.9%). (Table 2) 3.3. Consequences of falls
As a result of the falls that occurred, 48% (n = 12) of participants reported they sustained an injury and 4 of these participants (33.3%) reported the injury to a healthcare professional. Most participants (76.7%; n = 33) reported concerns about falling and 65.9% (n = 29) reported that they limited their activities because of their concern of falling. (Table 3 ) Mann-Whitney tests were performed to examine the differences in SCI-FCS scores among individuals who reported at least one fall in a 6-month period compared with those who reported no falls. No significant differences were found among SCI-FCS scores (P = 0.708, U = 44.50). Individuals who sustained no falls reported median SCI-FCS scores of 2.0 (IQR = 1.44) compared with median scores of 2.59 (IQR = 1.41) among those who sustained at least one fall.
Mobility device use
A breakdown of falls while using specific devices is presented in Table 4 . Because individuals living with MS frequently use a variety of devices, participants were asked to report all of the mobility devices they currently use, how many hours per week they use each device and if they have fallen using each device. The greatest number of participants (n = 36) reported use of a manual wheelchair. Participants also reported using a manual wheelchair most frequently, 30.62 hours per week. When asked if they had fallen using a particular device, 66.7% of PwMS who reported use of a power wheelchair reported falling when using a power wheelchair, 37.5% of manual wheelchair users fell when using a manual wheelchair, 66.7% of scooter users fell when using a scooter, 71.4% of walker users fell when using a walker, and 100% of cane users fell when using a cane. Please see Table 4 for additional information.
Impact on quality of life related measures
Mann-Whitney tests were performed to examine the difference in quality of life related outcome measures among individuals who reported at least one fall in a 6-month period compared Table 2 Fall Prevalence, location, and action. Participants were allowed to select more than one item. Percentages were calculated from the 36 reports of activities being performed during the most recent fall reported by participants. 
Discussion
This article is one of the first to examine the frequency of, consequences, and impact of falls exclusively among PwMS who self-reported use of a wheelchair or scooter as their primary mode of mobility and an inability to ambulate community distances.
Results indicate that 75% of participants reported at least one fall in the past 6 months. Almost 50% (n = 12) of participants reported they sustained an injury as a result of a fall. The prevalence of falls observed in this study is higher than most other reports in PwMS. Finlayson et al [6] reported that approximately 50% of their sample reported at least one fall in a 6-month period and Nilsagard et al [33] found that 63% of the sample experienced at least one fall in a 3 month period. It is important to note that these investigations either excluded persons who utilized a Number of participants who report use of a particular mobility device. Participants were asked to report all of the mobility devices they currently use. [34] reported that between 40% and 70% of nonwalkers with MS indicate that they have fallen in the past 6 months and those over 65 had the highest prevalence of falls. Given that the current sample had a mean age of 58 years, it is possible that the elevated fall prevalence observed here results in part by the complex interaction between age and disability.
[11]
Concerns about falling
Approximately 75% of participants also reported that they were concerned about falling and 65% reported they avoided doing specific activities because of their concerns. Activity avoidance has the potential to lead to social isolation and limitations in community participation. Management of such fears and activity avoidance are important, as PwMS are highly impacted by depression [35] and diminished quality of life. [36] Concerns that further impede active participation must be managed to enhance the quality of life of this substantial segment of the population. Our results are consistent with findings among ambulatory individuals. Peterson et al [37] found that 63.5% of ambulatory middle aged and older adults with MS reported a fear of falling and 82.6% limited their activities.
It is important to note that recent evidence indicates that elevated fear of falling is associated with recurrent falls in ambulatory PwMS. [16] Upon comparison of SCI-FCS scores, we did not find any significant differences between participants who have fallen compared with those who have not fallen. The data indicates that the median scores and IQR were very similar between groups. Consequently, fall management education is necessary for all PwMS who use a wheelchair or scooter, not just those who have previously sustained a fall.
Falls using specific mobility devices
Upon examination of the occurrence of falls stratified among mobility device use, fall frequency was high when participants reported use of both ambulatory and seated mobility aids. Approximately, 71.4% of participants who reported use of a walker fell when using a walker and 100% of participants who reported using a cane fell when using the cane. Use of multiple mobility devices is common and many PwMS continue to ambulate short distances in their home after being prescribed a wheelchair or scooter. Clinicians must be aware that despite the recommendation of a wheelchair or scooter to manage fall risk, many individuals continue to ambulate and sustain falls.
Falls also occur when using a wheelchair or scooter. 66.7% power wheelchair and scooter users report that they have fallen when using the device and almost 40% of manual wheelchair users report falls. Thus, clinicians must be aware that when an individual transitions to the use of a wheelchair or scooter, the risk of falls continues to be high and preventative interventions are needed.
Impact on MS related symptoms and quality of life
Results of the current study found minimal associations between fall frequency and MS related symptoms. Results indicate that there was a significant positive correlation between the number of falls experienced and the MSNSQ. The MSNSQ examines cognitive functioning among PwMS, with higher scores indicating greater involvement of cognitive impairments. Such a finding is important for caregivers of PwMS to be aware of and understand that fall risk may be increased as cognition declines. Our research also shows a moderate but nonsignificant association between WHO-QOL-BREF environmental scores and fall frequency indicating that individuals with a higher frequency of falls reported lower quality of life. The environmental subsection of the WHO-QOL-BREF examines a participant's feelings of freedom, physical safety and security, comfort with their environment and their ability to participate in and have opportunities for recreation. [31] These aspects of daily living are extremely important for overall health and wellness and prevention of depressive symptoms. Further research with a longer follow up period is necessary as quality of life is a very complex attribute to examine. [38] 
Clinical application and target of further research
When providing care to PwMS who use a wheelchair or scooter as their primary means of mobility, clinicians must consider the high frequency of falls when designing their treatment protocols and must educate their clients on the high likelihood of falls and associated consequences. Clinicians also need to be aware that even when a wheelchair or scooter is recommended as a method to prevent falls or if a PwMS reports that they use a wheelchair or scooter as their primary means of mobility, PwMS may still continue to use canes or walkers. Our data indicates that a high percentage of falls occur when utilizing these devices. Clinicians must be aware of this occurrence and provide appropriate education.
Consequently, more research is needed on this topic. Limited evidenced based treatment protocols are available for clinicians Table 6 Correlations between number of fall and quality of life variables. to review when designing treatment plans to manage fall risk. [24] The majority of MS related rehabilitation research is focused on ambulatory individuals. As a result of differences in functional mobility, strength limitations, and assistive device use between ambulatory and wheelchair/scooter users living with MS, interventions to manage fall risk do not translate between groups. Research specific to this population is essential to provide clinicians with much needed evidenced based treatment protocols. Although our results are preliminary, focusing on the areas where falls most frequently occur is an appropriate starting point. The majority of participants reported that their most recent fall occurred at home (n = 28, 87.5%). Therefore, researchers should be diligent about inquiring and designing interventions to manage common risk factors that participants face in their own homes. As reported by study participants, the most common activity that was being performed during the most recent fall was using the toilet (n = 7, 19.4%). Using the toilet for PwMS who primarily use a wheelchair or scooter often involves a combination of urgency because of bladder dysfunction and challenges to postural control when transferring to the toilet. Among ambulatory individuals with MS, Sung et al [39] found that individuals with severe bladder dysfunction had a higher incidence of falls. Further investigation is needed to determine if bladder dysfunction, challenges to seated postural control, or a combination of the 2 are the reason for the increased incidence of falls when using the toilet. Other common activities reported that were performed during the most recent fall included transfers and reaching for objects which both involves challenges to dynamic balance. Further investigation is necessary to more fully examine the cause and circumstances surrounding falls among wheelchair and scooter users living with MS. Finally, additional research is needed to determine the most appropriate way for individuals with MS to recover after a fall. In a recent survey performed by Bisson et al [40] reports indicate that wheelchair and scooter users with MS are at a high risk for delayed initial recovery after a fall. Thus, clinicians must be aware of the potential for delayed recovery and research must be done to determine the most appropriate actions for individuals with MS to take after a fall.
Study limitations
There are limitations associated with the current study that should be considered when interpreting the results. The sample size utilized for this study was relatively small (n = 44). We however attempted to gather a wide variety of study participants from different geographic areas to obtain the most diverse population as possible. Limited research has been done to examine fall frequently among this population of individuals with MS, therefore our preliminary results are noteworthy. We also relied on self-reported results regarding inclusion criteria, fall frequency and consequences associated with falls. Participants may have misreported information. The information reported however is able to provide a general insight into the circumstances surrounding falls. Such information is important for clinicians to be aware of and will help guide future research. Finally, we utilized the SCI-FCS to objectively examine concerns about falling. This outcome measure has not been validated among individuals with MS. There are however no validated objective outcome measures currently appropriate for wheelchair and scooter users living with MS and the SCI-FCS evaluates generic activities performed by a wide variety of wheelchair and scooter users, not just those living with Spinal Cord Injury.
Conclusion
This article is the first to specifically examine fall frequency among wheelchair and scooter users living with MS. Results indicate that 75% (n = 33) of participants report at least one fall in the past 6 months and experienced an average of 12.3 (SD = 17.0) falls. In addition, 48% (n= 12) of participants reported an injury as a result of a fall. As a result of the high frequency of falls and significant consequences, further research to manage fall frequency is essential and must be a priority among researchers.
